Introduction

I
n recent years, the effort-reward imbalance (ERI) model developed by Siegrist 1 has become widely used as a framework for examining health-related job characteristics. The ERI model defines chronically stressful experience at work in terms of a mismatch between high efforts spent and low reward received. In the long run, this imbalance is leading to health problems, such as vital exhaustion, depression, hypertension and other cardiovascular risk factors. 2, 3 The model states that a situation characterized by ERI is particularly stressful for those who have a critical coping behaviour called 'overcommitment', representing the intrinsic model component. 4 Although the work role was chosen as a frame of reference in developing the theoretical model, Siegrist 5 stressed that reciprocity of exchange is not limited to occupational life. Recent studies have applied the theoretical concept of failed reciprocity of exchange to other core social roles, such as marital and parental relationships or cooperative engagements 6 and school settings. 7 However, to our knowledge, so far there are no studies where Siegrist's model has been applied to unpaid household and family work. This approach defines women's engagement in household and family not only as an additional social role beyond work but also as a specific form of labour. As recently discussed by Sperlich et al., 8 there are analogies between paid and unpaid work, justifying an extension of ERI to household and family work. However, as Knesebeck and Siegrist 6 pointed out, compared with paid work, rewards in household and family work are rather of an emotional than an economic nature. That means that not material benefits but feelings of esteem, respect, appreciation or love may be the most important reward transmitters in unpaid work. Although it may be difficult to adequately weight rewards against efforts in household and family work, it can be assumed that a mismatch between costs and benefits in this domain has similar negative effects on women's health.
Previous studies suggest that domestic work foremost provides interpersonal rewards in particular with respect to child care. 9 Baruch and Barnett 10 identified a series of rewarding aspects for the mother's role, of which 'the love the children show' reaches the highest approval. A number of studies have argued that also the centrality of the mother role in women's self-concept is crucial for parental satisfaction. It is assumed that a high value of being a mother and taking care for the family provides self-rewards resulting in better psychological well-being. 11, 12 Present studies suggest that motherhood does not appear to convey either a clear health advantage or a disadvantage. Some studies suggest a health benefit of having children, especially with respect to mortality, 13, 14 whereas some others concluded that motherhood is associated with increased risks, especially for emotional distress and psychological symptoms. [15] [16] [17] The latter findings have led to the conclusion that emotional rewards derived from parenthood are often overshadowed by the numerous demands and stressors associated with the role, in particular when children are young. 16 Against this background, the aim of this study was to analyse whether the ERI model may provide an appropriate framework towards identifying health-adverse working conditions at home. In detail, according to Siegrist, 18 the following three main assumptions of ERI were tested by means of a newly developed questionnaire for assessing ERI in household and family work 8 :
(i) ERI is associated with health risks, whereby the effect of ERI is higher than the single effects of high effort and low reward. 
Methods
Sample
The sample consists of 3129 mothers living in Germany with underaged children. The data were collected in 2009 by means of a mail survey. The sample was derived from the Healthcare Access Panel comprising 75 000 households in total and 27 038 households with women having underaged children. The Healthcare Access Panel is composed of respondents who have given their general consent to participate in surveys. Based on an estimated response rate of 50% and a targeted case number of 2500 mothers, 5000 German mothers were selected randomly out of the panel. The gross sample was drawn according to predefined quotas, that is, age of mother and youngest child, school education, marital status and number of children. The initial case number of young mothers ( 25 years) had to be completed by another 107 cases to meet the quota. Of these 5107 mothers, 3183 participated in the survey, corresponding to a return rate of 62.3%. A total of 54 mothers were excluded subsequently owing to failing the inclusion criteria (in particular, youngest child's age was >18 years). The following study only includes participants with valid information on all variables used in the multivariate analyses (n = 2423). The sample was weighted according to German federal states, school education, mother's age, marital status and number of children, and thus can be considered as representative for German mothers regarding these characteristics.
Measurements
ERI in household and family work
Effort was measured by eight items referring to demanding aspects of work environments of mothers by emphasizing quantitative workload. Reward is measured by 11 items, divided into four subscales: (i) intrinsic value of family and household work (three items); (ii) societal esteem (three items); (iii) recognition from the spouse/partner (three items); and (iv) affection from the child(ren) (two items). Response formats were constructed analogous to the originally ERI. First, mothers may agree or disagree whether the item content describes a typical feature of their work situation. Subsequently, those who agree are asked to evaluate to what extent they usually feel distressed by this experience. Every item has five categories ranging from 1 ('yes, but this does not burden me at all') to 5 ('yes, and this burdens me very greatly') (for questionnaire see Supplementary Appendix 1). Aggregated item scores were used for analysing the health-related impact of the subscales 'effort' and reward'.
Overcommitment
For assessing the personal component of the model, the short version of the overcommitment questionnaire by Peter et al. 19 was transferred to unpaid work, including the dimension 'inability to withdraw from work obligations'. Every item has four categories ranging from 1 ('totally disagree') to 4 ('totally agree') (for questionnaire see Supplementary Appendix 1). A sum score based on four items varies between 4 and 16. Women who respond to each item on average at least with 'agree somewhat' (sum score: !12) were classified as having excessive work-related commitment ('overcommitment').
Health outcomes
Anxiety and depression were assessed using the Hospital Anxiety and Depression Scale German Version (HADS-D). 20 Both subscales contain seven items with different response categories, each ranging from 0 to 3. Consequently, each subscale has a range from 0 to 21. According to Hermann-Lingen et al., 20 cut-offs of 11 for anxiety (mean: 7.46 AE 3.85) and 9 for depression (mean: 5.56 AE 3.87) were used.
A modified version of von Zerssen's complaints scale 21 with 18 items was used for assessing physical disabilities and discomfort, for instance chest pain, back and lower back pain or heartburn. Each item ranges from 0 ('absent') to 3 ('severe'), the sum score varies between 0 and 54 (mean: 13.79 AE 9.02). To prevent confounding with the HADS-D, all complaints that show a higher correlation with HADS-D subscales than 0.5, regarded as the highest correlation to be accepted, 22 were not used for computing the sum score. Based on this principle, six items have been excluded from the original questionnaire comprising 24 items.
Subjective health status measures respondents' evaluations of their health with five categories ranging from 1 ('very poor') to 5 ('very good').
Further instruments
The Life Orientation Test 23 was used to assess individual differences in personality traits, that is, generalized optimism versus pessimism. The scale consists of six items referring to general attitudes towards life, for example, 'In uncertain times, I usually expect the best'. Each item has five response categories ranging from 1 ('does not apply at all') to 5 ('apply completely'). This scale was used for reducing confounding effects between predictors and health outcomes, as our study was based solely on subjective data.
Analyses
Analogous to Siegrist et al., 24 the effort-reward ratio was computed for each respondent according to the formula: e/(r Â c), where e is the sum score of the effort scale, r is the sum score of the reward scale and c defines a correction factor accounting for different numbers of items in the numerator and denominator. For instance, the correction factor is 0.73 if the numerator contains eight items ( = 8/11). According to the theoretical assumption, it is postulated that the imbalance between effort and reward is what matters most. Values >1 indicate such an imbalance of a high effort spent that is not met by the reward received in turn. Hence, as a predictor of health outcomes, the effort-reward ratio was transformed into a binary variable (values 1 vs. >1).
Logistic regression analyses were performed, calculating odds ratios (ORs) and corresponding confidence intervals (CIs) to test the three main assumptions formulated in the introduction. To investigate the first hypothesis, we compared a model in which the independent variable was the effort-reward ratio with two models including effort and reward as separate variables. Regarding the second hypothesis, we evaluated overcommitment as an independent variable. Third, it was tested whether mothers reporting an extrinsic ERI and a high level of overcommitment had an even higher risk of poor health. For this analysis, both risk factors were combined into one variable with four levels with 'ERI ratio low and overcommitment low' as reference group (5a-5d in table 2). The combined effect of the effort-reward ratio and overcommitment was evaluated by applying two indices proposed by Rothman. 25 With the synergy index (S AB ), the degree of synergy exerted on health by the two exposures was estimated. Significance of trends was tested by calculating 95% CIs according to Hosmer and Lemeshow. 26 An S AB >1 indicates a synergistic interaction to be significant if the value of 1 is not covered by the CI. 27 Additionally, the proportion of the effect attributable to the interaction of ratio and overcommitment (AP AB ) was calculated. 26 
Results
Most women (72.8%) were married, and 17.5% were single mothers (table 1) . On average, mothers had 1.8 children. Around 44.5% of them had one, 42.6% had two and 13% had three or more children. In all, 30.9% of the participants had secondary school education, and 29.4% had an income considered at risk of poverty (<60% of the median equivalent income). Approximately 19.6% of mothers perceived lack of reciprocity in household and family work (mean: 0.76 AE 0.45, skewness: 2.24 AE 0.05, kurtosis: 10.91 AE 0.10), and 23.5% tended to perceive excessive housework-related 'overcommitment' (mean: 9.40 AE 2.76). Table 2 shows the impact of ERI in household and family work according to the three main assumptions (see previously). According to the first assumption, both 'high effort' and 'low reward' significantly increased the risk of mothers' poor health. This holds for all health outcomes (rows 1a and 2a). Overall, the health-related impact of 'high effort' (ORs ranging from 3.14 to 7.09) was more pronounced as compared with the effect of 'low reward' (ORs ranging from 2.71 to 4.36). The mismatch between high effort and low reward was also significantly associated with poor health. This applies particularly to anxiety (ERI ratio OR = 7.30, row 3a), but it was also confirmed with respect to the other health outcomes. Expressed as percentages, for instance, 59.3% of mothers experiencing lack of reciprocity reported high anxiety scores, whereas only 12.7% mothers without ERI did so (rows 3a and 3b). However, in the case of 'somatic complaints' and 'self-rated health', the ERI ratio did not explain substantially more than 'effort' alone. Also, consistent with the second hypothesis, a significant effect of overcommitment on elevated health risks was found (ORs ranging from 1.71 to 3.79) (row 4a). Mothers reporting a combined exposure of high ratio and overcommitment (row 5a) were at highest risk of experiencing poor health, with ORs ranging from 4.27 to 17.59. Table 3 displays the results of the synergy effects of the combined exposures of ERI and overcommitment on health. S AB values > 1 indicate that the combined exposure results in an effect exceeding additivity. AP AB is the proportion of the effect attributable to the interaction of ratio and overcommitment. For example, with respect to self-rated health, 21.2% of the effect size of the combined exposure (OR = 4.27) is attributable to synergy. For all health outcomes, an S AB value >1 was obtained; however, statistical significance (value of 1 is not covered by the CI) was only found for anxiety.
Discussion
Numerous studies have pointed out that not only working conditions but also stressful experiences at home are crucial for understanding women's health. [28] [29] [30] However, recent studies often lack information on domestic responsibilities and on the demands a: Based on net equivalent income, which allows to compare the level of wealth of households with different sizes and structures. According to the EU definition, having <60% of the median national equivalent income should be considered as being 'at risk of poverty'. For the calculation, information on household size and number of children was required, resulting in higher frequency of missing data.
that the household division of work may have on women and also on men. The application of the ERI to household and family work provides an access to information on work at home similar to what was reported for paid work. In this article, three main assumptions of the ERI model were tested. 18 Our findings revealed that in particular high effort, but also low reward, increased the risk of poor health in mothers. Although the health-related impact holds particularly for anxiety, it could be also confirmed for depression, self-rated health and somatic complaints. Partly in line with the first hypothesis, the mismatch between high effort and low reward explained more than the risks associated with the single components. However, this additional effect was restricted to mental health. For self-rated health and somatic complaints, no additional effects of the effortreward ratio, compared with the single component 'effort,' were found. The majority of earlier studies has focused on the overall impact of ERI on health, 2,3 thus only limited information is available on the single effects of effort and reward. One of the few studies in this field was conducted by Preckel et al. 31 It suggests that the ERI ratio does not provide more information than effort and reward taken separately. Overall, our findings may lend support to the assumption that ERI in household and family explains women's mental health better than physical health.
In accordance with the second hypothesis, a high level of personal commitment (i.e. overcommitment) increased the risk of poor health. Even after adjusting for ERI, this association remained stable, indicating that the inability to withdraw from household and family work has an independent effect on women's health. Meeting also the third assumption of the ERI model, mothers reporting an extrinsic ERI and a high level of overcommitment were at highest risk of poor health. Analyses of synergy effects indicate for all investigated health outcomes that the combined exposure to ERI and overcommitment is associated with increased health risks that are exceeding the risks of each exposure considered alone. With respect to anxiety, the degree of synergy exerted on health reached statistical significance. This emphasizes the important role of the ERI model in explaining women's mental health. In summary, it can be stated that the main assumptions of the ERI model were largely confirmed in our study.
Finally, some crucial conceptual and methodological aspects need to be addressed. Firstly, the validity of self-assessed measures of work stress has been questioned, as such measures are often subject to reporting bias and may be influenced by specific personality characteristics. 32 Secondly, with our cross-sectional study design, we cannot draw conclusions about causality, but in accordance with the literature, we are assuming that ERI acts on health rather than that health affects the rating of stressful work experience. In addition, it should be noted that we exclusively analysed the ERI Over, overcommitment; ERI ratio, effort-reward imbalance. a: Percentage of women experiencing poor health dependent on high versus low levels of ERI components. Health outcomes are dichotomized as follows: self-rated health = worse: categories 'poor' through 'very poor' (n = 154, 6.4%), somatic complaints = high: ! 80th percentile (n = 503, 20.7%), anxiety = high: sum score > 10 (n = 528, 21.8%), depression = high: sum score > 8 (n = 524, 21.6%). The predictors are dichotomized as follows: ratio = high: > 1 (n = 474, 19.6%), reward = low: < 80th percentile (n = 498, 20.5%), effort = high: ! 80th percentile (n = 544, 22.5%), overcommitment = high: (n = 569, 23.5%), combined exposure ratio and effort: row 5a: ratio > 1 and over ! 80th percentile (n = 272, 11.2%), 5b: ratio > 1 and over <80 th percentile (n = 202, 8.3%), 5c: ratio 1 and over ! 80th percentile (n = 297, 12.3%) and 5d: ratio 1 and over < 80th percentile (n = 1652, 68.2%). Adjusted for pessimism (sum score: 5-30, mean: 15.79 AE 3.80), mother's age, social status (school education, income), employment status and single motherhood. With regard to the impact of overcommitment on health, it was additionally adjusted for ERI. Significant effects in bold. model among mothers, as they continue to be responsible for the great majority of household tasks regardless of their employment status. 33 However, taking the increasing involvement of men in family work into account, 34 the model needs to be extended to fathers in childcare responsibility. This will require to combine the theoretical framework of ERI with gender theory. At least, it has to be mentioned that the newly developed questionnaire aims to assess ERI in household and family work independently of children's age and therefore contains non-age-related statements of child-related rewards (see Supplementary Appendix 1) . However, as Umberson and Gove 35 pointed out, the particular balance of costs and benefits associated with parenting varies according to age of youngest child and other contextual factors in which parenting occurs. Therefore, further investigations are warranted to analyse the extent to which reward expectations may differ according to children's level of development.
In conclusion, it can be stated that ERI is applicable to household and family work, providing a viable theoretical approach to capture mothers' stress experience at home. Given the health-related impact of stress experience in household and family work, health promotion strategies should take workload beyond paid work into greater account.
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